Purpose It has been reported single-nucleotide polymorphisms (SNPs) of the IL-10 promoter might be associated with the susceptibility to recurrent pregnancy loss (RPL). Owing to the inconclusive results, we conducted a meta-analysis to systematically summarize and clarify the association between the IL-10 promoter SNPs and RPL risk. Methods A systematic search of studies on the association of the three SNPs with RPL was conducted in PubMed and Embase. Odds ratios (ORs) and 95 % confidence intervals (95 % CIs) were used to pool the effect size. Result Eleven case-control studies on rs1800896, seven studies on rs1800871, and eight studies on rs1800872 were included. A significant association was identified between IL-10 rs1800896 with RPL risk (G versus A: OR = 1.21, 95 % CI 1.09-1.35). No evidence of association was found between rs1800871 and RPL when restricted to those studies in Hardy-Weinberg equilibrium in controls (T versus C: OR = 1.25, 95 % CI 0.76-2.06). No statistical association was demonstrated between rs1800872 and RPL (C versus A: OR = 1.08, 95 % CI 0.83-1.42). Conclusions IL-10 rs1800896 significantly increases the risk of RPL, while rs1800872 is not correlated with RPL risk. No significant association is demonstrated between rs1800871 and RPL risk but this requires further investigation.
Introduction
Recurrent pregnancy loss (RPL) is defined as more than two to three consecutive miscarriages prior to the 20th week of gestation, which is one of the most common complications of pregnancy, affecting about 1-5 % of pregnant women [1] [2] [3] . The causes can be divided into inherited and acquired, including chromosomal numeral and structural abnormalities, immunologic factors and thrombophilia, structural uterine abnormalities, and hormonal and metabolic factors, but the etiology is unknown in approximately 50 % of cases [4, 5] . Intrauterine actions of angiogenesis, immunity, and neuroendocrine regulation are juxtaposed to mechanisms of fetal growth and protection. The interleukin-10 (IL-10) is a key cytokine that plays a vital role in the maintenance of maternal-fetal tolerance by its pleiotropic activities [6, 7] . IL-10 exerts profound effects not only on linking immunity and angiogenesis, but also on suppressing endoplasmic reticulum (ER) stress [8] [9] [10] . High levels of IL-10 were detected in Capsule IL-10 rs1800896 significantly increases the risk of RPL, while rs1800872 is not correlated with RPL risk. No significant association is demonstrated between rs1800871 and RPL risk but this requires further investigation.
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normal pregnant women and reduced IL-10 levels were present in women with RPL [11, 12] .
Human IL-10 gene is an acid-sensitive homodimeric protein locating on human chromosome 1 (1q31-q32). Several studies have identified single-nucleotide polymorphisms (SNPs) of IL-10 gene can significantly influence the levels of IL-10 production and key obstetric complications, particularly the promoter variants control IL-10 secretion [13] [14] [15] . Though a number of studies have been conducted to investigate the association between promoter polymorphisms of IL-10 with RPL, the results are not consistent [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . In addition, three earlier meta-analyses yielded conflicting results regarding the association of the IL-10 promoter SNP (rs1800896: −1802A/G) with RPL [20, 25, 26] . Therefore, we performed a meta-analysis, incorporating recently published studies in, to evaluate the association between the three polymorphisms of IL-10 promoter (rs1800896, rs1800872, rs1800871) and RPL risk.
Methods and materials

Identification of eligible studies
Two independent investigators carried out a systematic search in PubMed and Embase databases, with the last search update on 30 September, 2015. The following terms were used: Binterleukin-10^or Bcytokine^and Bpolymorphism^or Bpolymorphisms^and Bhabitual abortion^or Brecurrent spontaneous abortion^(RSA) or Brecurrent pregnancy loss^(RPL) or Brecurrent miscarriages^(RM) or Brecurrent fetal loss( RFL) or Bidiopathic recurrent miscarriage^(IRM) without any limitation applied. The studies included in the previous meta-analyses were also included. The reference lists of retrieved studies and recent reviews were also manually searched for further relevant studies.
Inclusion and exclusion criteria
Studies in this meta-analysis must meet the following inclusion criteria: (1) the original study was a case-control study; (2) evaluation of the association between IL-10 gene promoter polymorphisms and the RPL; (3) RPL was defined as the occurrence of two or more pregnancy loss in the first two trimesters of pregnancy without any etiology through ultrasonic examination and laboratory tests; (4) the controls were matched women without a history of miscarriage and had at least one successful pregnancy; and (5) detailed genotype data of the case and control groups could be acquired or be calculated. Exclusion criteria: (1) comment, review, and metaanalysis; (2) family-based studies of pedigrees; and (3) duplication of previous publications. Study selection was achieved independently by two investigators according to the inclusion and exclusion criteria by screening the title, abstract, and full-text. Any dispute was solved by discussion.
Data extraction
The data of the eligible studies were extracted by two investigators independently (Gu and Gong). The following contents were collected: name of first author, year of publication, the characteristics of cases and controls, country in which the study was performed, ethnicity of the study population, diagnostic standards of cases in each study, genotyping methods, number of cases and controls, and genotype frequency in cases and controls for IL-10 promoter (rs1800896 A/G, rs1800871 C/T, rs1800872 A/C), respectively, Hardy-Weinberg equilibrium (HWE) if reported in the study. Different ethnicity descents were classified as Caucasian or Asian. Two authors checked the extracted data and reached to consensus on all the data. If a dissent existed, they would recheck the original data of the included studies and have a discussion to reach consensus. If the dissent still existed, the third investigator would be involved to adjudicate the disagreements (Ma).
Methodological quality assessment
The qualities of the included studies were evaluated and scored by two authors respectively according to the methodological quality assessment scale (see Supplement information BTable S1 Scale for methodological quality assessment^), which was adjusted from the Newcastle-Ottawa Assessment Scale for case-control studies (http://www.ohri.ca/programs/ clinical_epidemiology/oxford.asp). In this scale, six items including the selection of patients with unexplained recurrent pregnancy loss, source of controls, comparability of cases and controls on the basis of the design or analysis, sample size, quality control of genotyping methods, and HWE were carefully checked. The quality score ranges from 0 to 10, with higher scores indicating a better quality of the study. Two investigators scored the studies independently and solved disagreement through discussion.
Statistics analysis
We conducted our meta-analysis according to the PRISMA checklists and followed the guideline [27] . HWE was evaluated for each study by Chi-square test in control groups, and P < 0.05 was considered a significant deviation from HWE. OR and 95 % CIs were calculated to evaluate the strength of the association between IL-10 promoter polymorphisms (rs1800896: −1802A/G; rs1800871: −819C/T; rs1800872: −592A/C) and susceptibility to RPL. Pooled ORs were performed for allelic comparison (rs1800896: G versus A, rs1800871: T versus C, rs1800872: C versus A), heterozygote model (rs1800896: GA versus AA, rs1800871: TC versus CC, rs1800872: CA versus AA), homozygote model (rs1800896: GG versus AA, rs1800871: TT versus CC, rs1800872: CC versus AA), dominant model (rs1800896: GG + GA versus AA, rs1800871: TT + TC versus CC, rs1800872: CC + CA versus AA), recessive model (rs1800896: GG versus GA + AA, rs1800871: TT versus TC + CC, rs1800872: CC versus CA + AA), respectively. The statistical significant level was determined by Z test with P value less than 0.05. Heterogeneity was evaluated by Q statistic and I 2 statistic (greater than 50 % as evidence of significant inconsistency) [28] . Either fixed-effect or random-effects model was used to pool the effect sizes according to the heterogeneity [29] . The studies without deviation from HWE among controls were used to do a supplementary meta-analysis. Sensitivity analysis was also performed to evaluate the effect of each study on the combined ORs by omitting each study in each turn.
Besides, subgroup analyses were stratified by ethnicity and HWE. Potential publication bias was checked by Begg's funnel plots [30] and Egger's regression test [31] . An asymmetric plot and the P value of Egger's test less than 0.05 was considered a significant publication bias. All statistical analyses were performed with Stata 12.0 software (StataCorp, College Station, TX, USA). A two-tailed P < 0.05 was considered significant except for specified conditions, where a certain P value was declared.
Results
Characteristics of studies
A total of 76 studies were acquired from PubMed and Embase databases (PubMed: 33, Embase: 43). The literature selection process was shown in Fig. 1 , 49 articles were excluded, of which 32 were duplicate ones and 17 with no relation to this topic. The remaining 17 studies were full-text reviewed, and five studies were excluded, among which, one was not about recurrent abortion and not a case-control study [13] , two were of unavailable genotype [32, 33] and the other two were metaanalysis [25, 26] . Finally, in the current study, 12 eligible case-control studies that meet the inclusion criteria were included in our meta-analysis [14, 16, 17, [19] [20] [21] [22] [23] [24] [34] [35] [36] .
The characteristics of each study were shown in the Table 1 . In seven studies genotype frequencies of three SNPs of IL-10 promoter (rs1800896, rs1800871, rs1800872) were presented separately, thus each of them were treated as separate studies. Therefore, among all the twelve included studies, eleven studies containing 1936 cases and 1539 controls for IL-10 rs1800896, seven studies involving 1190 cases and 1213 controls for IL-10 rs1800871, and eight studies involving 1233 cases and 1263 controls for IL-10 rs1800872 were finally analyzed in our meta-analysis. For IL-10 rs1800896, the subjects in seven included studies were of Caucasians and the other four of Asians, and the genotyping distribution was in HWE (P ≥ 0.05) in all studies except for Fig. 1 Flow chart of study selection one study. As for IL-10 rs1800871, three studies were carried out in Caucasians and the other four in Asians, three studies were in HWE and the other four deviating from HWE (P < 0.05). For IL-10 rs1800872, three studies were carried out in Caucasians and the other five in Asians, five studies were in HWE and the other three deviating from HWE. Different genotyping methods were utilized, including polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), TaqMan, PCR allele-specific amplification (PCR-ASA), PCR-ligation detection reaction (LDR-PCR), and T-ARMS-PCR.
Association between IL-10 rs1800896 polymorphism and RPL susceptibility
We firstly analyzed the association between IL-10 rs1800896 polymorphism and the susceptibility to RPL. Random-effects model was used in the heterozygote model due to heterogeneity identified by Q test and I-squared statistic (I 2 > 50 %), and fixed-effects model was used in the other four models because of no significant heterogeneity (I 2 < 50 %). Overall, significant association was identified in four genetic models: the allele model (G versus A: OR = 1.21, 95 % CI 1.09-1.35, I 2 = 41 % Fig. 2 Table 2) .
Next, subgroup analysis was conducted according to ethnicity. In Caucasians, significant heterogeneity was identified in the recessive model, and in Asians, heterogeneity was identified in the allele, heterozygote, and dominant models, so that 2 = 12 %), and no significant association was found in other models. In Asians, significant association was found in the homozygote and recessive models (GG versus AA: OR = 1.54, 95 % CI 1.11-2.12, I 2 = 24 %; GG versus GA + AA: OR = 1.52, 95 % CI 1.15-2.05, I 2 = 26 %) and no significant association was found in other models (Table 2) .
Association between IL-10 rs1800871 polymorphism and RPL susceptibility
The association between IL-10 rs1800871 polymorphism and the risk of RPL was analyzed in seven independent studies. Fixed-effects model was used in the homozygote and recessive models due to no heterogeneity and the random-effects model was used in the other three genetic models. Significant association was identified in the homozygote and recessive models (TT versus CC: OR = 1.52, 95 % CI 1.15-2.00, Table 2 ).
Four out of seven studies were deviated from HWE (P < 0.05) and other three studies were in HWE (P ≥ 0.05) in control subjects. Subgroup analysis was assessed according to HWE. The fixed-effects model was used in three genetic models due to no significant heterogeneity: the homozygote and recessive models of the HWE group and the homozygote model of those that deviated from the HWE group. The random-effects model was used in all other genetic models of both subgroups. Overall, no significant association was identified (T versus C: OR = 1. 25 Association between IL-10 rs1800872 polymorphism and RPL susceptibility
For the association between IL-10 rs1800872 polymorphism and RPL risk, eight independent studies were analyzed. Fixedeffects model was used in the heterozygote, homozygote, and dominant models due to no significant heterogeneity and the random-effects model was used in the other two genetic models. Overall, no significant association was identified in any genetic models (C versus A: OR = 1.08, 95 % CI 0.83- 2 = 77 %). Three out of eight studies were deviated from HWE and other five studies were in agreement with HWE in control subjects. Subgroup analysis was also assessed according to HWE, but no significant statistical association was identified in both subgroups (Table 2 and Fig. 4 ).
Sensitivity analysis
Sensitivity analysis was performed to examine the influence set by individual study on the pooled ORs for IL-10 rs1800896, rs1800871, and rs1800872 by deleting each study once in every genetic model. The results revealed no evidence of any individual study having excessive influence on the summary effect under any genetic model (data not published). Furthermore, sensitivity analysis was also carried out by excluding the study in which the control group's genotypes deviated from HWE in IL-10 rs1800896. Consistently, the pooled estimate of the remaining studies showed no influence on the summary effect. Subgroup analysis was performed according to HWE in IL-10 rs1800871 and rs1800872.
Publication bias
No publication bias for the association between IL-10 rs1800896 and RPL susceptibility was identified by Begg's funnel plot (P = 0.755, G versus A) or Egger's regression test (P = 0.599, G versus A). Symmetrical funnel plots were obtained in all the genetic models (unpublished data). Begg's funnel plot and Egger's regression test was also not identified publication bias between IL-10 rs1800871 and rs1800872 with RPL susceptibility (rs1800871 T versus C: Begg's P = 1.000, Egger's P = 0.426; rs1800872 C versus A: Begg's P = 0.266, Egger's P = 0.298) (Fig. 5) .
Discussion
Pregnancy is a well-choreographed physiological process that involves intricate interplay of inflammatory and antiinflammatory milieu, and cellular and molecular events at the maternal-fetal interface. IL-10 was first reported as an inhibitor of inflammatory, which is secreted by both immune and non-immune cells in an autocrine and paracrine manner [37, 38] . In recent years, immense amounts of research have investigated about the actions of IL-10 during pregnancy and shown some profound and interesting findings. Firstly, as the most temporal immunosuppressive and anti-inflammatory molecule, IL-10 maintains the balance of the utero-placental produced pro-inflammatory and anti-inflammatory factors [8] . Secondly, recent studies showed that IL-10 promotes de novo angiogenesis at the maternal-fetal interface through inducing production of vascular endothelial growth factor, consequently improves implantation and placental development [9, 39] . In addition, IL-10 emerges as a novel modulator of the endoplasmic reticulum (ER) stress, which is essential to protein synthesis and energy balance. A higher level of ER stress leads to the activation of pro-inflammatory pathways and disadvantages of placental development [10, 40, 41] . Furthermore, increased IL-10 expression is associated with successful reproduction and IL-10 deficiency is associated with many adverse pregnancy outcomes such as PRL, preterm birth, and preeclampsia [11, [42] [43] [44] . Animal experimental studies also show that administration of recombinant IL-10 reverses or alleviates symptoms of many adverse pregnancy outcomes [45] [46] [47] [48] . Polymorphic change in the human IL-10 gene promoter are thought to contribute to reduced IL-10 production and to the onset and severity of autoimmune, neoplastic, and infectious disorders such as systemic lupus erythematosus and Alzheimer's disease [49] [50] [51] . Evidence has also been found for the associated of the IL-10 gene promoter polymorphisms with other adverse pregnancy outcomes [52] [53] [54] .
In this meta-analysis, involving 1,936 cases and 1,539 controls, the pooled results indicated that the IL-10 rs1800896 is significantly associated with the risk of RPL. The result is consist with the earlier meta-analysis by Medica et al. [26] , but inconsistent with previous meta-analyses by Bombell et al. and Preveen et al. [20, 25] . The first, including six studies involving 635 RPL cases and 691 controls, documented a significant association between the mutant type allele and RPL under the dominant model [26] . Although included the same six studies as the first meta-analysis, the second analysis documented no significant association between the IL-10 rs1800896 and RPL [25] . The more recent meta-analysis, the date for 835 patients and 991 control subjects, which included the studies included in the two earlier meta-analyses as well as their own results on North Indian women, demonstrated an RPL-protective nature of the IL-10 rs1800896 variant [20] . These discrepancies can likely be attributed to ethnic differences, sample size, and differences in interpretation of the association of rs1800896 with RPL risk. In our meta-analysis, not only a larger sample size was included, but also multiples genetic models and subgroups comparing was employed to identify the result. Our results showed that the IL-10 rs1800896 polymorphism is associated with RPL risk. The rs1800896 A/G polymorphisms in the IL-10 promoter have been found at -1802 bp upstream from the transcription start site. Moreover, the gene promoter polymorphisms have been also described to influence transcriptional and functional characteristics of IL-10 gene [55, 56] . Combining with the results of our meta-analysis, we think that the IL-10 rs1800896 A to G nucleotide exchange may result in decreased promoter activity and reduced IL-10 gene production. However, more convincing evidence, such as large sample size, number of studies, and ethnicities, is required to consolidate the conclusion.
For the IL-10 rs1800871 C/T polymorphism, no statistical association was observed in three studies in HWE when subgroups analysis is performed [20, 22, 34] . Although HardyWeinberg disequilibrium is not necessarily invalidate the results of an association study, the inability to ascertain the reason for the disequilibrium necessitates a cautious approach to these studies [57] . Therefore, when the different result was found in subgroups analysis according to HWE, we think the result of restricting in the HWE group would be more valid-no significant association between IL-10 rs1800871 and RPL risk. This consists of an earlier meta-analysis by Bombell et al. [25] . However, this result should be considered with caution and well-designed studies with a larger sample size are needed to validate. For IL-10 rs1800872 A/C polymorphism, the summery pooled result demonstrated no significant association with the risk of RPL in all five genetic models. In subgroups analysis according to HWE, also no significant association was found in both subgroups. So we further conducted a subgroup analysis focus on the ethnicity regardless of HWE (data not published), with three studies carried out in Caucasians and the other five in Asians, and no significant association was found in both subgroups. We believe that IL-10 rs1800872 A/C polymorphism would not increase the susceptibility to RPL in either Asians or Caucasians.
This meta-analysis has several strengths. First of all, we investigated the association of IL-10 promoter polymorphisms with the RPL risk in the appropriate method to obtain a more precise conclusion. In this meta-analysis, more recently studies were included and supplementary analysis including subgroup and sensitivity analysis were performed. In addition, all the included studies had high qualities according to the methodological quality assessment. Moreover, no publication bias was identified by either Begg's funnel plot or Egger's regression test. Finally, no limitation was made in literature search, thus selection bias was well controlled.
In spite of the considerable efforts to explore the possible relationship between the three SNPs and RPL risk, some limitations should be considered. Firstly, several studies did not conform to HWE expectations. However, restricted to those studies in HWE was further analyzed. Secondly, both primary and secondary RPL was included in this meta-analysis, so we could not improve that is there a difference if only primary RPL is included. Thirdly, our study only included articles published in English, which might limit the results of the meta-analysis. Finally, this meta-analysis is all about Caucasians and Asians and does not apply to all populations.
In summary, this meta-analysis highlights the important role of IL-10 promoter polymorphisms as potential risk factors for RPL. Significant association is demonstrated in IL-10 rs1800896 A/G polymorphism with RPL but not in rs1800872 A/C polymorphism. No significantly association is demonstrated between rs1800871 C/T polymorphism with RPL risk when excluded studies deviating from HWE in controls, but the result should be interpreted with caution. Well-designed studies with a larger sample size are required to validate the results identified in the current meta-analysis and to determine if screening and analysis of IL-10 rs1800896 A/G polymorphism mutations may be included in routine workups of patients with RPL.
